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Attention in recent years has been directed toward the 
status of girls and women in relation to mathematics. How 
much mathematics to they take'> How are they treated in 
mathematics courses'^ How do they pe:ceive mathematics? 
Answers from research and other literature to these and 
other questions are summarized in this fact sheet. Additional 
information can be obtained from a variety of sources, many 
cited on a recent bibliography (Suydam and Kirschner, 1 981). 
Two sources were of particular value in developing this 
summary. The first, prepared by Armstrong (1980), is an over- 
view of the results of a two-year study conducted by the 
Education Commission of the States as part ot the Women in 
Mathematics program The second is an ERIC/SMEAC publi- 
cation, Perspectives on Women and Mathematics, edited by 
Jacobs (1978). ED 166 051 

Female Participation in High School Mathematics 

Only a small percentage of women has pursued a 
mathematics-related vocation, such as engineering Resear- 
chers have ascertained that most females are not prepared to 
enter such vocatior\s because they lack the necessary 
mathematics background. Furthermore, it appears that in 
many instances girls have not chosen to enroll in advanced 
mathematics courses in high school, and have received in- 
sufficient encouragement or support to take such courses. 
The College Entrance Examination reported in 1978 that 63 
percent of college-bound males had taken four or more years 
of high school mathematics, but only 43 percent of college- 
bound females had done so. 

Results from both the Second Mathematics Assessment of 
the National Assessment of Educational Progress (Carpenter 
et al , 1981) and the Women in Mathematics survey 
(Armstrong. 1 980) showed that male and female participation 
was similar for basic mathematics courses: general 
mathematics, algebra I, and geometry. The pattern changed 
for more advanced courses, however. In the NAEP assess- 
ment, statistically significant differences favored males In 
enrollment for trigonometry and for pre-calculus/calculus. 
while the Women in Mathematics survey reported significant 
differences favoring males in enrollmen i for algebra II and for 
probability/statistics Nonsignificant differences in enroll- 
ment for trigonometry and for pre-calculus/calculus also fa- 
vored males 

Another study Similarly indicated that, beginning at about 
the level of algebra 11 and continuing beyond high school, 
girls increasingly decided not to study mathematics (Fen- 
nema. 1977) 

Peer Influences on Female Participation 

FemaleV, who chose to pursue advanced mathematics 
courses were found to receive less attention from their male 
peers (Luchins, 1976) and to feel uncomfortable with them m 
social situations (Fox. 19?6) Since boys in {frades 6 through 
r\2 Stereotype mathematics as a male discipline at a signific- 



antly higher level than do girls, it has been suggested that 
boys communicate this attitude to girls in various ways (Fen- 
nema. 1978). The Women in Mathematics survey found that 
m the twelfth grade peer influence had a significant correla- 
tion, albeit low, with participation in mathematics 
(Armstrong. 1980) 

Differential Treatment by Teachers 

Several researchers have found that teachers treat boys 
and girls differently in mathematics classes (Bean. 1976, 
Parsons et al., 1979). High-achteving boys received signific- 
antly more attention m high school mathematics classes than 
did other boys and girls, including high-achieving girls 
(Good et al.. 1973). Furthermore, students tend to be influ- 
enced by what they believe the teacher thinks of them and 
their ability in mathematics Fennema and Sherman, 1976) 
There is also evidence that teachers expect sex-related dif- 
ferences in achievement (Fennema, 1978) 

A study on teacher-student interaction in high school 
geometry classes reported differential treatment on such 
factors as offered responses, cognitive level of questions, 
sustenance and persistence, praise and criticism, individual 
help, and even conversation and jokmg (Becker, 1981) In 
general, the interaction patterns reinforced the sex-typing of 
mathematics as a male domain Becker hypothesized a 
three-step pattern. 

(1) Teachers expect differences between male and female . 
students. 

(?) Teachers treat students differently on the basis of sex 
according to their differential expectations. 

(3) Students respond differently in class consistent with 
teachers' and society's sex-role expectations 

Stereotyping Mathematics as a Male Domain* 

Historically, mathematics has been regarded as a 
massculine discipline The results of the Women in 
Mathematics survey clearly indicated that mathematics is 
both a female and male domain Thirteen-year-old girls were 
found to be better at spatial visualization and computation 
than were boys, while their problems, solving skills were 
nearly equal. By grade 12. girls' abilities in spatial visualiza- 
tion and computation were comparable to boys', but boys 
excelled in problem solving (Armstrong. 1980). These find- 
ings seem to support Fennema's (1978) conclusion that no 
inherent rectors exist which keep girls from learning 
mathematics at the same level as boys 

The Women in Mathematics survey found that females who 
regard mathematics as a subject for both males and females 
tended to take more mathematics (Armstrong. 1980). In 
another study females in grades 6 through 12 denied the 
belief that mathematics is strictly for males (Fennema and 
Sherman. 1977). # 



Femai-^ Attitudes Towards Mathematics 



!n studies conducted 20 or mo^^|Mrs ago.%boys at the 
elementary school level seemed to^refer mathematics 
slightly morethan did gtrls; that is, boys af itudes were more 
favorable than girls' attitudes In more recent studies, how- 
ever, no overall sex differences m preference or attitudes 
have been observed at the elementary school level (e g . 
Ernest et al.. 1975). 

On subscale measures of attitudes, however, differences 
are found, particularly at the secondary school level Female 
students, to a lesser degree than males, viewed mathematics 
as personally useful (Fennema and Sherman. 1977). Re^ 
search has also indicated that girts who regard mathematics 
as useful in their future are more likely to continue taking 
mathematics. For example, the Women in Mathematics sur- 
vey found that twelfth-grade students who plan to continue 
their education beyond high school were more likely to take 
more advanced mathematics courses than were students 
with lower academic aspirattons (Armstrong. 1980) 
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Anxiety and Confidence 

As Armstrong (1980) stated, a student s attit •de 
mathematics reflects his or her enjoyment, com 
anxiety concerning the subject. 

Low achievement In mathematics has beo €d 
with high anxiety, furthermore, low anxiety has ^ ^ 're- 
lated with a high degree of confidence. ?-ennem. ^ her- 
man (1977) found that at each grade levnl 6 throu'jn boys 
were signiftcantly more confident in their mathematical abil- 
ity than were girls, even though there were no significant sex 
differences la achievement 

Parental Influances on Female Attitude and Achievement 
In Mathematics 

Parentswho use. enjoy, and have confidence in their ability 
to do mathematics have been shown to have a positive effect 
on students- attitudes toward the subject (Fox. 1976) Fox 
also found that the expectations of fathers influenced the 
mathematics achievement of girls. Several studies ascer- 
tained that parents, unfortunately, seem to have lower expec- 
tations for their daughters than for thetr sons (e g , Casserly, 
1975. Levme. 1976) 



Intarvantion Strategies 

Increasing female participation is viewed as a key-strategy 
for combating the factors that cause girls to avoid mathema- 
tics In addition, it ts believed that sufficient female participa- 
tion in high school mathematics courses will permit a woman 
to pursue a scientif :c or technical career on the basis of eoual 

opportunity ^ * * ^ 

From the Women in Mathematics survey data. Armstrong 
( 1 980) identified three important variables that have an effect 
on mathematics participation. 

• positive attitude toward mathematics 

• perceived need for and usefulness of mathematics 

• positive influences of significant other people (parents, 
teachers, counselors) 

She suggested that Intervention programs designed to in- 
crease participation snould focus on ' instilling and sus- 
taining the positive influences of these factors . ' (p. ix) 

Furthermore. 14 action steps discussed by Burton (1978) 
have been helpful in increasing participation. The recom- 
mendations are practical and relatively easy to implement in 
the classroom For example, she suggested inviting guest 
speakers to mathematics classes and encouraging female 
students to encourage other female students 

Fennema et al. (1981) concluded that intervention prog- 
^^^-rams aimed at resolving the inequities m the study of high 



school mathematics can be effective For instance, the 
amount of mathematics female students planned to take was 
significantly increased in schools where the intervention 
program ' Multiplying Options and Subtracting Bias was in 
effect Additional intervention programs are described in 
Jacobs (1978) (e g , by Affleck. Liff. and Tobias) 

Armstrong. Jane M Achievement and ParUcpation of women m Mathematics 
An Overview Denver. Colorado Education Commission of the States 
March 1980 ERIC ED 184 878 

Bean. Joan P mat's Happening in Mathematics and 
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the Amencan Educational Research Association. San Francisco. 1976 
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12 40-53. January 1981 
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Where and Why'' In Jacobs. 1978 

Fennema. Ehza^h a.d Julia Sherman Se^-Related Differences '^^^J^^ 
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American Educational Reserch Journal 14 51-71. Winter 1977 
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Vanev Becker Increasing Women i Participation m Mathematics an 
intervention Study "Journal for Research in Mathematics Education 12 
3-14 January 1981 

Fox Lynn H Women and the Career Relevance of Mathematics and Sci- 
ence Schoo/ Sc/ence and Wafhemaf*cs2t> 347-353 April 1976 

Good T L J N Sikes.andJ £ Brophy Effects of Teacher Sex and Student 
Sex on Classroom Interaction Journal of Educational Psychology 65 
74-87. 1973 

Jacobs. Judith E (Ed ) Perspecf/ves on Women and Mathematics Columbus 
Ohio ERIC Cletiringhouse for Science Mathematics and Environmental 
Education. 1978 ERIC ED 166 051 

Levine M Identification of Reasons Why Cualified Women Do Not Pursue 
Mathematical Careers Final Report 1976 ERtC ED 171 962 

Luchins.E H Women ip. Mathematics Problems of Orientation and Reorienta- 
tion New York Rensselaer Polytechnical Instilute 1976 ERIC tu 
634 

Parsons OScqtjeiynneetal The Effects of Teachers Expectancies and Attribu- 
tions o/? Students Expectancies for Success m Mathematics Paper pre- 
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The Problem of Problem Solving 



Why has so much been written about mathematical pro- 
blem solving? Why has it been the object of more research 
than almost any other topic, especially at the elementary 
? J' level? Obviously, the reasons lie with its Importance 
in me school mathematics program — and with the difficul- 
ties It presents for both Students and teachers. Recently, 
interest in problem solving has been sparked by several re- 
ports. This fact sheet will summarize these reports briefly and 
present some specific suggestions for teaching problem sol- 
ving. 

Defining problem solving 

When you want something and do not immediately know 
what series of actions to perform to get it, you have a pro- 
blem. Polya, one of the most widely cited wnters on problem 
solving, offers the following definition: 

Solving a problem is^findlng the unknown means to a 
distinctly conceived end. If the end by Its simple presence 
does not instantaneously suggest the means, if therefore, 
we have to search for the means, reflecting consciously 
how to attain the end, we have to solve a problem. To solve 
a problem is to fi nd a way where no way Is known off-hand, 
to find a way out of a difficulty, to find a way around an 
obstacle, to attain a desired end, that is not immediately 
attainable, by appropnate means. (Polya, in Krulik, 1980, p. 
1) 

Meiring (1980a) descnbos a mathematical problem as a 
situation involving an initial state and a goal state, with some 
blockage between the two. Furthermore, you must desire a 
solution, feel that it is within your ability, and believe that you 
can begin an attack on the problem. 

Many of the so-caMed problems in toxtl^ooks are not prob- 
lems at all for students, but merely exercises. Students al- 
ready know what to do with many of then; thus "problems" 
requiring division are included at the end of the chapter on 
division. Students need many exp«. 'iences with problems 
they do not know how to solve routnely. 

The Importance of problem solving 

When the National Council of Supervisors of Mathematics 
developed a Position Paper on Basic Mathematical Skills in 
1977, problem solving headed the list. Why? It was noted that 
"learning to solve problems is the principal reason for study- 
ing mathematics" (NCSM, 1977, p. 2) 

In An Agenda for Action: Recommendations for School 
Mathematics of the 1980a, the National Council of Teachers 
of Mathematics proposed: "Problem solving must be the 
focus of school mathematics in the 1980s ' (NCTM, 1980). 
Thus. It was suggeited that: 

e The mathematics curriculum should be organized 
around problem solving. 

e The definition and language of problem sowing in math- 
ematics should be developed and expanded to include a 
broad range of strategies, processes, and modes of pre- 
sentation that encompass the full potential of mathemat- 
ical applications. 
O e Mathematics teachers should create classroom envi< 
ronmenta in which problem solving can flourish. 



• Appropnate curricular matenals to teach problem solv- 
ing should be developed for all grade levels. 

• Mathematics programs of the 1980s should involve stu- 
dents in problem solving by presenting applications at all 
grade levels. 

• Researchers and funding agencies shculd give pnority in 
the 1980s to investigations into the nature of problem 
solving and to effective ways to develop problem solvers. 
(PP 2-5) 

Daia from the Pnonties in School Mathematics (PRISM) 
Project (NCTM, 1981) indicated that national samples of 
teachers, parents, and others agreed that problem solving 
should be guen the highest prionty for consideration in the 
1980s. 

Ataeaament evidence on problem solving 

The second mathematics assessment of the National As- 
sessment of Educational Progress (Carpenter et al, 1980a. 
1980b. 1981) indicated that students aged 9. 13. and 17 
scored very joorly on some types of problems. Average pro- 
blem solving scores declined significantly between the first 
testing in 1973 and the second in 1978 

Problem solving is often equated with solving verbal 
textbook problems, but this was not the type of problem that 
caused difficulty .» fact, students did "reasonably well" on 
pne-step problem** similar to those found in textbooks. VVhen 
the corresponding computational skills had been attained, 
finding the solution to such problems presented little diffi- 
culty However, the majority of students at all age levels had 
difficulty with any problem requiring some analysis or think- 
ing. Thus, "almost every problem that could not be solved by 
a rot*iine application of a single arithmetic operation caused 
a great deal of difficulty" (Carpenter et al.. 1980a, p. 8). Per- 
formance on multistep problems was lower than on one-step 
problems, but about the same as one more complex one-step 
problems. However, on several nonrouline problems unlike 
those generally found m textbooks and requiring the applica- 
tion of knowledge, skills, and understanding to somewhat 
unfan?iillar situations, performance was generally poor. 

Carpenter et ai (1981) concluded: 

Students had difficulty with problems m many instances 
because they had not developed good strategies for solv- 
ing those problems. For example, when faced with prob- 
lems that contained extranoous data, students often at- 
tempted to incorporate all of the numbers given in the 
problem Into finding their solution . . . Students need to 
learn how to analyse problem situations (hrough instruc- 
tion that encourages them to think about problems and 
helps them to develop good problem-solving strategies. 
There is no magic formula . . (p 147) 

Strategies for aohring problems 

To become a better problem solver, one must have experi- 
ences in solving problems. One must also have an under- 
standing of procedu res or strategies that are usually produc- 
tive in solving problems. Strategies are general skIIIs or 
abilities that can be learned, are useful in a vanety of prob- 
lems, may be used singly or in combinations to solve a smgle 



problem, and give the Individual the tools w^th which to begin 
or continue productive work on a problem (Meirmg. 198Qa, p. 
7). 

Meirmg lists 16 problem-solving strategies (and then goes 
on to develop each, with problems that can be solved with 
that strategy): 

look for a pattern 
construct a table 

account for all possibilities (systematically) 
act it out 
make a model 
guess and check 
work backwards 

make a drawing, figure, or graph 
select appropriate notation 

the problem m your own words 
..Uity wanted, given, and needed information 
write an open sentence 
identify a subgoal 

solve a simpler (or similar) problem 
change your point of^iew 
check for hidden assumptions 

. Polya's (1945) four-step model is widely cited as a 
framework from which to develop problem-solving skills: 
understanding the problem, devising a plan, carrying out the 
plan, and looking back. 

ResMrch evidence on problem solving 

Research has indicated some broad generalizations that 
appear to be Uue: 

• Problem-solving strategies can be specifically taught, 
and when they are, thev are used more and students 
achieve correct solutions more frequently. 

• Learning strategies provides students with a repertoire 
from which to draw as they meet a wide variety of prob- 
lems. 

• There is no oneoptimal strategy for solving all problems. 

• Students need to be faced with problems in which the 
approach is not apparent and encouraged to generate 
and test many alterriative approaches. 

• Some strategies are used more frequently than others, 
with various strategies used at different stages of the 
problem-solving process. 

• Developmental level is related to a student's problem- 
solving achievement. 

• Problem-solving skills are improved by incorporating 
them throughout the curriculum (Suydam. in press) 

References to specific research include Driscoll (1d60). 
Goldin and McClintock (1979), Sowder et al. (1979), Suydam 
in Krulik (1980) and Suydam and Weaver (1977). 

Suflgesttons for teaching problem solving 

A compilation of suggestions from research and other lit- 
erature includes the following (Suydam, in press) 

• Expose students to many, varied problems. 

• Teach students a vanety of problem-solving strategies, 
plusan overall plan for how to go about problem solving. 

• Give students many opportunities to structure and 
analyze situations that really constitute problemsand not 
just exercises. 

• Encourage students to solve different problems with the 
same strategy and to apply different strategies to the 
same problem. 

• i^ave students determine the question to be answered, 

• aelsct specific information necessary for solution, and 



choose the appropriate process Discuss why that pro- 
cess is appropriate emphasize what needs to be done 
and why it needs to be done rather than just obtaining an 
answer. 

• Have students generalize and see similarities across 
problems, analyzing the structural features of a p oblem 
rather than focusing only on details 

• Provide sufficient time for discussion, practice, and re- 
flection on problems and problem-solving strategies 

• Have students estimate answers and test the rea- 
sonableness of answers 

• Af.er they have reached a solution, encourage students 
to look back, to reconsider thtJir own thinking and note 
how they might have solved the problem differently. 

For further help, Meirmg (1980a. b) presents 4deas on how 
to incorporate problem solving into teaching: how to or- 
ganize the curriculum, how to manage instructional time, 
how to evaluate problem solving, what teaching methods are 
most effective, how to use group work effectively, and how to 
make better use of the textbook m teaching problem solving. 

The I960 NCTM Yearbook (Krulik). focused on problem 
solving^ contains a number of useful chapters on such topics 
as posing problems, pictonal languages in problem solving, 
the use of textbook problems, using the calculator to teach 
problem solving, and measuring problem-solving skills. An 
annotated bibliography includes references to teactimg pro- 
blem solving and to collections of problems 

a«l0r 

Carpanter, Thomas P et ai Solving Verbal Problems Results and Implied 
tiors from National Assessme'^' Arithmetic Teac/ieraS 8-12. September 
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1961 
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MO CEMREL. Inc . 1960 ERiC SE 034 780 

Gotdin. Gerald A and C Edwin McCHntock. (Eds ) Task Variablea m Mathe- 
matical Problem Sotving ColumtHis, OH ERIDSMEAC, November 1979 
ERIC EO 176 366 
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Reston. VA MCTM. 1960 

Meirmg. Steven P Problem Solving . A Baste Mathematics Ooaf- 1 Becom- 
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bus, OH Ohio Department of Education. 1960 (a. b) . 
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Polya. G How To Solve it Princeton, MJ Princeton University Press, 1945 
(Available from Creative Pubt^nations ) 

Sowder. Larry et al A Review of Research on Solving Routine Problems in 
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ERIC EO 162 175 
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Mathematics Teacher Supply and Demand 



The popular press has announced for nearty ten years 
now that teaching Is a poor career choice for young people. 
Declining birth rates and school enrollments have caused 
school planners to make major modifications in projections 
for needed teachers, classrooms, and buildings. The 1978 
Occupational Outlook Handbook advises that the job situ- 
ation for teachers is serious and concludes that "an in-" 
creasing proportion of prospective teachers will have to 
consider alternatives to secondary school teaching" (p. 213). 
Popular literature from Senior Scholastic (1978) to The 
Readers O^f (1978) echo that a surplus of teachers makes 
teaching a very poor career choice. 

The Special Case of Mathematics Teachers 

At the same time the popular press was decrying a teacher 
surplus, a 1978 Bulletin for Leaders from the National Coun- 
cil of Teachers of Mathematics reported that a random 
survey of 200 mathematics supervisors indicated that 'at 
the end of the 1977-78 school year almost 10 percent of 
the mathemattes teaching positions were vacant. ' How is 
this possible with a surplus or teachers? The answer lies 
in looking at subject matter teachers in particular, rather 
than teachers in general. Data from The State of Missouri 
Supply and Demand Survey Illustrate the special case of 
mathematics teachers. This survev measured demand for 
secondary teachers for each of the six years from 1973 
through 1978, including posittons available due to new course 
offerings or replacement of teachers leaving the profession. 
During the six- year perkxi of the survey, an average of 
1 ,244 posittons was available for secondary teachers each 
year. For the same six year periods an average of 1,958 
new teachers was produced each year by all the teacher 
training Instituttons in Missouri. This appears to be a surplus 
of 714 secondary teachers each year. However, when the 
data are broken down by subject area, the results appear 
to be quite different. 

Table One 

1973-1978 Teacher Supply and Demand Averages 
for Missouri 



Teaching 
Major 


Posittons 
Available 


Teachers 
Trained 


English 
Mathematics 
Physical Education 
Scisnce 
Social Studies 


285.7 
245.5 
206.8 
287.3 
218.8 


378.0 
216.8 
613.3 
2407 
509.2 



Source. The State of Mtsnouri Suoply and Demand Survey 

Instead of a general surplus of secondary school teachers, 
Q these detailed data actually show a shortage of mathematics 

ERIC 



teachers and science teachers. These shortages are rnore 
than compensated for by large surpluses of teachers in the 
areas of physical ^ucatton, social studies, and English. 
Whether one concludes that there is a surplus or shortage 
of teachers depends upon how well data reflect differences 
between secondary teaching fields. It is obvious that math- 
ematics teachers (and science teachers) are special cases 
that do not conform to general discussions of "teacher 
surplus " 

Enrollment Trends and Mathematics r ^mand 

For many schools, enrollment peaked during the early 
I970's. For example, in the state of Ohio^ enrollment in 
public schools reached 2,432,640 during the 1971-72 school 
year. By the 1980-1981 school year the number of public 
school pupils in Ohto had declined to 1,961,343. By the 
1990-1991 school year enrollment Is projected to drop to 
1,726.743. However, there has been a slight increase in the 
birth rate since 1977. Because of this increase, enrollment 
in grades K-8 by 1990-1991 is anttoipated 1o be only 5.8 
percent less than in 1980-1981. Enrollm'j.it In grades 9-12. 
however, is expected to be down by approximately 22.8 
percent for the same ten-year period lOhto Teacher Supply 
and Demand, 1981). 

Will these declines in enrollment offset any future short- 
ages of mathematics teachers? At least two factors must 
be considered in answering this question: enrollment trends 
in mathematics teacher education programs and demand 
for mathematics courses by secondary school students. The 
latter factor, in particular, seems to have been largely ig- 
nored by many of the current surveys and analyses. There 
is some evidence that both students and their parents are 
beginning to realize the Importance of mathematics in an 
increasing number of careers. When a student limits his or 
her study to one or two years of high school mathemattos, 
he or she is foreclosing on many career options in both 
college and vocational schools. As mathemattos becomes 
required in more and more twenty-first century profesatons 
we should expect more and more demand for mathematics 
courses from secondary school students. In one sutMjrban 
Chicago high school school enrollment dropped from 55,305 
students in 1978 to 51,017 students in 1980, a decline of 
7.8 percent. At the same time, enrollment In mathemattes 
courses dropped from 34,704 to 33,573, a decline of only 
3.3 percent (Cummins, 1981). The Nattonal Council cf 
Teachers of Mathematics has called for the requirement of 
at least three years of mathematics in grades 9-12 (NCTM, 
1980). Some of this addlttonal work may weN be devoted 
to computers and computer literacy as the revokJtlon In 
microcomputers touches almost every aspect of the work 
world. Thus it seems reasonable to assume that enrollment 
in mathematics courses in secondary schools will nof decline 
as rapidly as general secondary school enrollments, indeed, 
as mathematics offerings are expanded with courses In 
computer literacy dnd computer progranwing, the total num- 
ber of students enrolled in all secondary school mathemattes 
courses may not decline at all. 
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The decline In students preparing to become mathematics 
teachers has far outstripped decline in enrollments in sec- 
OTKJary schools. 

What are the reasons for this precjpitious drop in math- 
ematics teacher preparation? Certainly all the negative pub- 
licity aoout a surplus of teachers and a si ortage of teaching 
jobs has discouraged may young people from teacher ed< 
ucatlon programs. But Clyde A. Paul suggests three other 
reasons for declining enrdlment in mathematics teaclw 
preparation programs (1979). More females are bypassing 
the traditional occupation of teaching in order to train for 
positions formerly dominated by males. Students from the 
middle and lower-economic classes are realizing that blue- 
collar apprenticeship programs provide quicker and more 
substai^tial financial rewards than does a teacher-training 
program. And finally, more students are selecting college 
training that will provide financial rewards rather than per- 
sonal satisfaction. Indeed, William S. Graybeal of the Na- 
tional Education Association points out that the average 
beginning salary offered by private industry to bachelor's 
degree graduates in mathematics*statistics in June 1978 
was higher than the average 1978-1979 salary paid to all 
public school teachers in each of twenty-three states (1979). 
The decline in enrollment in mathematics teacher education 
programs may prove to be impossible to reverse until we 
have improved the attractiveness of careers in mathematics 
teaching. 

Supply Variations by States 

Because of space limitations in this fact sheet we have 
been selective in citing data to support premises. Just as 
one can sum data to support the idea of a surplus of 
teachers, or break data into categories to argue a shortage 
of teachers, so can data be drawn from different geograph- 
ical areas or special communities to support different con- 
duskxis. Indeed, it is particularly dangerous to overgeneralize 
about mathematics teacher supply and demand. Situations 
vary greatly from state to state and from community to 
community. Some schools face declining enrollments be- 
cause of declining populatk>ns; others are expanding be- 
cause of economic and population shifts. Some sctK)ol 
systems are retraining teachers that are surplus in other 
areas to become mathematics teachers. Others find their 
needs for mathematics teachers are modified by the need 
to ck>se school buikjings and reorganize school districts. 
The folk)wing table of estimated supply of secondary math- 
ematics teachers in 1980 gives some kJea of this state-by- 
state varlatk)n. 

Table Three 

Estimated Supply of Secondary Mathematics Teachers by 
State. 1980 
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AlasMa 


surphJs 
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Missouri critical shortage 
Montana 

Nebraska adaquata 

Nevada surplus 
Naw Hampshire critical shortaga 

Naw Jersey adequate 

New Mexico shortage 

New York critical shortage 

North Carolina critical ahortage 

North Dakota critical shortage 

Ohio adequate 

Oklahoma critical ahortage 

Oregon critical ahortage 

Pennsylvania critical ahortage 



Indiana 


critical shortage 


Iowa 
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Kansas 
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Kentucky 
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Louiarana 
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Mama 


shortage 


Maryland 


shortage 
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surplus 


Michigan 


shortage 


Minnesota 
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Rhode Island 

South Carolina 

South Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

west Virginia 

Wisconsin 



critical ahortage 

adequate 

adequate 

critical shortage 

shortage 

adequate 

shortage 



critk^ shortage 
critical shortage 



Source. State Department of Public Instruction, Iowa, as quoted in £<kicatton 
Week, November 23. 1981. 
« 10 response 

Because of variations from state to state and comnwnlty 
to community, readers of this fact sheet who wish more 
detailed information on mathematics teacher supply and 
demand should contact their state department of education, 
local education units, and nearby colleges and universities. 
The local situation in Massachusetts, for example. Is almost 
surely quite different from a local situation In, say. .Indiana. 
The pooling and averaging of data on a nationwide basis 
may serve only to obscure variations and differences. Never- 
theless, it is safe to conclude that a serious mathematics 
teacher shortage exists in much of the nation. Furthermore, 
available data and projections suggest that the problem will 
become more widespread In the foreseeable future. 
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Computers have been used in some classrooms ever since 
the early 1960s, but it took the advent of the microcomputer 
to capture the imaginations of most educators. The notion 
of having at least one computer in every school suddenly 
became more than a dream. Up until the past few years, 
only 60 percent of the schools in this country had access 
to computers— and frequently that access was limited to 
administrative functions (Bukoski and Korotkin, 1976). Costs 
prohibited using computers extensively in instruction. Now 
the cost of a microcomputer seems attainable. As a recent 
editorial in the Mathematics Teacher notes, 

It is no longer a questiori of whether educators 
shoukJ be Involved with computers. With the per- 
vasiveness of computers, it Is ecsential that stu- 
dents learn about them. For some individuals, this 
may simply be a matter of computer literacy, that 
is, familiarity with their capabilities and the kinds 
of functions they can perform. For others, the com- 
puter provides a vocational opportunity, and more 
detailed knowledge is required, (p. 588) 

Now that we have the possibility or the capability of 
obtaining the hardware (the microcomputer, the television 
monitor, the disk drives, the printer), what will we do with 
it? What software (programs) do we need to use it effec- 
tively? How do we want to structure the curriculum to make 
maximum use of its power and capabilities? 

A IMattar of Record 

A number of organizations have gone on record acknowl- 
edging the new role of computers in the curriculum. In 1977 
the Natk>nal Council of Supervisors of Mathematics issued 
a position statement on basic mathematical skills.. One of 
the ten skill areas they listed was computer literacy, because 

It is important for all citizens to understand what 
computers can and cannot do. Students should be 
aware of the many uses of computers in society, 
such as their use in teaching/learning, financial 
transactions, and information storage and retrieval. 
The "mystique" surrounding Computers is disturb- 
ing and can put persons with no understanding of 
computers at a disadvantage. The increasing use 
of computers by government, industry, and buol- 
ness demands an awareness of computer uses and 
Umltatlons. (p. 2) 

The folk>wlng year, the National Council of Teachers of 
Mathematics endorsed a .similar posit^rj statement: 

Every student shoukj have first-hand experiences 
with both the capabilities ar\d the limitations of 



computers through contemporary applications. Al- 
though the study of computers is intrinsically val- 
uable, educators should also develop an awareness 
of the advantages of computers^ Loth in interdis- 
ciplinary problem solving and as an instructional 
aid. 

This position was reinforced in the NCTM's An Ag^a 
for Action: Recommendations for School Mathematics of 
the 1980s. One recommendation was that "Mathematics 
programs must take full advantage of the power of cateu- 
lators and computers at all grade levels." They endorsed 
access throughout the school mathematict program; the 
integraticn of computers into the curriculum; the develop- 
ment of diverse, imaginative materials: a computer literacy 
course for everyone, including adults; the inclusion of com- 
puter literacy in teacher education programs and in certi- 
fication standards; the design of computer courses for 
computer science work; coordinated home-school use of 
computers; the devetopment of good software to promote 
problem solving; and the use of computers in other subject 
areas. 

Advocates of using computers m schools are many and 
opponents are difficult to find. One illustration of this comes 
from the Priorities in School Mathematics (PRISM) Project, 
designed to assess preferences and priorities of both ed- 
ucators and lay persons before recommending curriculum 
development and change. Nearly 75 percent of the profes- 
sional groups sampled and 80 percent of the lay people 
sampled believed that the use of computers and other 
technok>gy should be increased during the 1980s; 78 percent 
indicated that the emphasis on computer literacy should be 
increased. Having computers or computer access for stu- 
dents was given Strong support (95%) at the secondary 
school level and moderately strong support (77%) at the 
elementary school level. Strong support (84%) was also 
shown for having several microcomputers for each class. 

Types of Uses 

Computers can be used in the classroom in a variety of 
ways. Instructional computing involves the use of a computer 
as a tool for teaching and learning In any subject area, not 
just mathematics. Among the types of use are: 

1. Computer-assisted Instruction (CAI) — students Inter- 
act with a computer through programs designed to 
provide practk^e or teach the student new content. 

• Drill and practice — programs designed to provkje 
practk^ on knowledge and skills have been used 
extensively. 

• Tutorial— The computer Is used to present an intro- 
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. auction or review of ideas by attempting to simulate 
a good human tutor. Programs are often struct^ired 
in a questlon-and-answer format. Diagnostic and pre- 
scriptive techniques are used, and the program can 
provide tx)th remediation and enrichment or accel- 
eration. 

• Simulations — programs model experiences that are « 
too complex, tinie-consuming, expensive, or danger- 
ous to provide in reality. 

• Games — programs are in competitive settings, for 
students to p>lay, score,* and win. Many of the games 
currently available have little or no educational value 
— teachers must be very wary. 

2. Computer-managed instruction (CMI) — designed to 
assist the teacher in managing the instructional pro- 
gram. 

• Record management — programs store, analyze, and 
report data, such as records on student progress or 
grades, assignments, or alternative materials. The 
program can pinpoint student weaknesses and pro- 
vide suggestions for individualized assignments, as 
,wetl as producing randomized assignments. 

• Information storage and retrieval: information on con- 
tent, methods, activities, research, and other back- 
ground information is stored in the computer memory 
for access by teachers or, in some cases, stydents. 
One example of this type of use is provided by ERIC. 

• Materials generation — programs produce work- 
sheets or tests, with alternate fonms to meet indi- 
vidual needs, on monitor, paper, ditto masters, or 

• overhead transparencies to use with students. 

3. Programming and problem solving 

• Programming — students of all ages pan use the 
computer to write (and execute) their dwn computer* 
programs. Hatfield (1979) cites six reasons for having 
students program, citing what they can learn from it 
as well as examples of programmiiig tasks. 

• Problem solving — when one can program, one can 
solve a problem using a computer. In addition, one 
can study problem-solving situations and strategies. 



Computer Literacy/ Awareness Obiectlves 

Increasingly, a distinction Is being made between ''com- 
puter awareness' and "computer literacy." Computer 
awareness means becoming aware of the extent to which 
computers Influence our lives. Computer literacy means being 
able to take an idea and express it in such a way that the 
computer can carry out your intent. 

Johnson et al. (1980) searched curriculum materials, tests, 
and other reports to collect the various views on what is 
considered in teaching computer awareness or computer 
literacy. They grouped the objectives under six categories 
(omitting any on the history of computers): 

1. Hardware: components and basic operation; how com- 
puters work and how to access them. 

2. Programming and algorithms: communicating instruc- 
tions arKi programming in BASIC or another language. 

3. Software and aata processing: what computers can 
do and how they do it. 

4. Applk:ations: uses In various fields; types of uses in 
general; advantages and limitations of computers. 

5. Impact: on careers; on {problems such as security, 
crime, privacy, etc.; their roles pervading society. 

6. Affect: how students feel about and relate to com- 
puters. 



This extended list of objectives can be used to "pick and 
choose," with selected activities or experiences allocated 
to various points not only in mathematics but also other 
portions of the school curriculum. The authors noto that it 
may also be desirable to allocate a portion of some year 
to a course on computer awareness or literacy; it would 
include those objectives that require some reasonable time 
for study. 

Luehrmann (1981) took exception to their list, detailing 
his arguments that four-fifths of the <tems involved points 
that could be studied, without a computer being present — 
merely by listening to a teacher or reading a book. He 
believes that the computer literate individual must be able 
to perform on a computer. A response, defending the basic 
notion of a set of objectives that includes both knowing 
about and being able t6 perform, was advanced by Anderson 
et al. (1981). They stated: 

Indeed we .would argue that most of wfwt evary 
ordinary citizen needs to know about computers 
will not be learned from learning how to program, 
(p. 688) 

• This argument may be of concern not only in schools 
with computers but also in the many schools which do not 
yet have computers ayailable for all students but who woukJ 
nevertheless like to have all students be computer literate. 

Examples of computer literacy courses can be found in 
such journals as The Computing Teacher and the Mathe- 
matics Teacher. For example, one artk:le presents the course 
devetoped by the CupertlQO Union School District in Cali- 
fornia (1981). It provides objectives for a computer literacy 
curriculum stated in two ways. First, for those who want 
to include the objectives across the whole curriculum, they 
are structured under social studies, language arts, science, 
and mathematics. Second, they are regrouped for those 
who want to combine the objectives into a single junior high 
elective. In secondary school, students may go on to com- 
puter programming courses. 

Curriculum Considerations for Mathematics Courses 

Computers are a natural tool in both the teaming and 
application of mathematics. (Of course, they can be used 
In many other curricular areas as well.) Johnson and Jon- 
gejan (1980) proposed some guidelines for the use of com- 
puters in mathematics courses: 

1 . Integration shoukJ be gradual. 
2 A definite plan of attack is necessary: 
a. Determine a content area and desired student out- 

b List ways computer capabilities coura help students 
understand the mathematical concepts involved. 

c. Collect and evaluate problems, laboratory exercises. 

and existing computer software related to these 
concepts. 

d. Develop an appropriate instructional strategy to cap- 

italize on computer capabilities. 

e. Devetop addittonal software needed. 

f. Implement — then evaluate and revise. 

3. Compensatton shoukJ be given to educators attempting 
to integrate the computer. 

4. Encouragifcent and support should be given to re- 
search on computer uses. 

5. Plans should be made for developing teacher com- 
petence in using computers in instruction, 

6 Attempts to Integrate computers into the curriculum 
ShoukJ consider similar attempts to Integrate calcula- 
tors. 



Rationales for making some major curriculum changes are 
presented in some articles (e.g.. Norris, 1981). A slew of 
other articles provides specific suggestions for teaching 
particular topics better with the use of a microcomputer 
(e.g., Inman and Clyde, 1981); many include listings of com- 
puter programs. 



RtMareh with Computers 

We know from the research of the past 20 years that 
computers can be used effectively in mathematics instruc- 
tion. Some evidence exists on most of the types of use. 
Much of this evidence is appropriate to microcomputers, 
although few studies thus far have appeared using micro- 
computers. Unlike the situation with calculators, where an 
emotional fear of their use is evidenced, microcomputers 
are generally accepted as a valid educational tool. The 
antagonism toward the use of calculators led to a plethora 
of studies to ascertain their effects and reassure parents 
and teachers that they would not harm achievement. The 
willinq acceptance of microcomputer^ has not created this 
need for research evidence; consequently, efforts are fo- 
cused far more on developing activities and materials for 
their use. 

PRISM data have already been cited, offering strong sup- 
port for including many computer literacy topics and an 
emphasis on computers in the curriculum of the 1980s. 
When the results from the National Assessment of Edu- 
cational Progress are considered, however, we find that 13- 
and 17-year-olds were weak on both flowcharting and pro- 
gramming items. The levels of performance were about what 
>vould be expected by chance alone. In fact, only 14 and 
12 percent of the 13- and 17-year-olds, respectively, indi- 
cated they had used computers when studying mathematics. 



8el#cting • Microcomputer 

Deciding which microcomputer to purchase can be difficult. 
Many articles (e.g.. North, l979)provkje comparison charts, 
listing cost, components, and features for various com- 
puters. These should be checked prior to ordering. Two 
general rules are also suggested: 

1 . Try to determine the final system you expect to own, 
and plan toward it. 

2. Try to talk with owners or users of all the systems 
you are considering. 

Software Consklerationt 

The NCTM has published Guidelines for Evaluating Com- 
puterized Instructional Materials (Heck et al.. 1981). It pro- 
vkles guWellnes and forms for software documentation as 
well as evaluatkKi. it suggests consideratk)n of such factors 
as-, level or range; type of interaction with learner; execution 
time; instructtonal uses; flexibility of adjusting it to suit a 
particular class or student; possibility of intervention by the 
teacher; quality of directions: format; ajntent focus, signif- 
' fcance. and validity. 



A Final Suggestion 

The number of articles and books about microcomputers 
is high and growing. Many couki be valuable to teachers 
In all areas of the curriculum; some are specific to math- 
ematk:s instruction. You can't read them all — but arrange 
for some sharing time with other teachers to exchange 
informatton on how to use computers effectively. 
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